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(57) ABSTRACT 

Apulse detonation system for a gas turbine engine having a 
longitudinal centerline axis extending therethrough includes 
a rotatable cylindrical member having a forward surface, an 
aft surface, and an outer circumferential surface, Where at 
least one stage of circumferentially spaced detonation cham 
bers is disposed therein. The pulse detonation system further 
includes a shaft rotatably connected to the cylindrical mem 
ber and a stator con?gured in spaced arrangement around the 
forWard surface, the aft surface, and the outer circumferen 
tial surface of the cylindrical member and a portion of the 
shaft. The stator has at least one group of ports formed 
therein Which sequentially align With the detonation cham 
bers as the cylindrical member rotates. In this Way, detona 
tion cycles are performed in the detonation chambers of each 
detonation stage so that reaction forces induced by the 
detonation cycles create a torque Which causes the cylindri 
cal member to rotate. Each detonation chamber includes a 
?rst open end located adjacent the outer circumferential 
surface of the cylindrical member and a second closed end 
located Within a middle portion of the cylindrical member. 

46 Claims, 11 Drawing Sheets 
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PULSE DETONATION SYSTEM FOR A GAS 
TURBINE ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a pulse deto 
nation system for a gas turbine engine and, in particular, to 
a pulse detonation system Which is able to replace the core 
of a gas turbine engine Without use of an externally actuated 
valve system. 

It is Well known that typical gas turbine engines are based 
on the Brayton Cycle, Where air is compressed adiabatically, 
heat is added at constant pressure, the resulting hot gas is 
expanded in a turbine, and heat is rejected at constant 
pressure. The energy above that required to drive the com 
pression system is then available for propulsion or other 
Work. Such gas turbine engines generally rely upon de?a 
grative combustion to burn a fuel/air mixture and produce 
combustion gas products Which travel at relatively sloW 
rates and constant pressure Within a combustion chamber. 
While engines based on the Brayton Cycle have reached a 
high level of thermodynamic ef?ciency by steady improve 
ments in component ef?ciencies and increases in pressure 
ratio and peak temperature, further improvements are 
becoming increasingly costly to obtain. 

Accordingly, improvements in engine ef?ciency have 
been obtained by operating the engine so that the combus 
tion occurs as a detonation in either a continuous or pulsed 
mode. Most pulse detonation devices employ detonation 
tubes that are fed With a fuel/ air mixture that is subsequently 
ignited. A combustion pressure Wave is then produced, 
Which transitions into a detonation Wave (i.e., a fast moving 
shock Wave closely coupled to the reaction Zone). The 
products of combustion folloW the detonation Wave and are 
propagated at the speed of sound relative to the detonation 
Wave While simultaneously providing a signi?cant pressure 
rise. Such combustion products then exit through a noZZle to 
produce thrust. Examples of a pulse detonation engine are 
disclosed in US. Pat. No. 5,345,758 to Bussing and US. 
Pat. No. 5,901,550 to Bussing et al. 

Simple pulse detonation engines have no moving parts 
With the exception of various forms of externally actuated 
valves. Such valves are used to control the duration of the 
fuel/air introduction and to prevent back?oW of combustion 
products during the detonation process. An example of a 
rotary valve utiliZed for pulse detonation engines is dis 
closed in US. Pat. No. 6,505,462 to Meholic. While such 
pulse detonation con?gurations have advanced the state of 
the art, the valves and associated actuators are subjected to 
very high temperatures and pressures. This not only presents 
a reliability problem, but can also have a detrimental effect 
on the turbomachinery of the engine. 

One type of pulse detonation system Which has eliminated 
the need for a separate valve is disclosed in a patent 
application entitled “Pulse Detonation Device For A Gas 
Turbine Engine,” having Ser. No. 10/383,027 and being 
oWned by the assignee of the present invention. It Will be 
noted therein that the pulse detonation device includes a 
stationary air inlet duct and a ring member Which rotates 
therearound. The various events of the detonation take place 
Within detonation ducts associated With the ring member, as 
air and fuel are injected and a detonation Wave is initiated 
therein. In this con?guration, the aft portion of the rotatable 
ring member is connected to a drive shaft in a cantilevered 
manner. The air ports, fuel injectors and initiation devices 
are located adjacent an outer surface of the air inlet duct so 
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2 
as to be sequentially aligned With an inner end of the 
detonation ducts, Which are open at each end, as the ring 
member rotates. 

Accordingly, it Would be desirable for a pulse detonation 
system to be developed for a gas turbine engine Which is 
able to operate the engine Without the need for a separate 
valve. Further, it Would be desirable for such pulse detona 
tion system to be adaptable to a gas turbine engine for both 
aeronautical and industrial applications so as to eliminate the 
core (i.e., a high pressure compressor, combustor, and high 
pressure turbine). It is also desirable that the pulse detona 
tion system include a simpler connection to a drive shaft in 
the gas turbine engine Which eases access to components for 
manufacturing and maintenance purposes. 

BRIEF SUMMARY OF THE INVENTION 

In a ?rst exemplary embodiment of the invention, a pulse 
detonation system for a gas turbine engine having a longi 
tudinal centerline axis extending therethrough is disclosed. 
The pulse detonation system includes a rotatable cylindrical 
member having a forWard surface, an aft surface, and an 
outer circumferential surface, Where at least one stage of 
circumferentially spaced detonation chambers is disposed 
therein. The pulse detonation system further includes a shaft 
rotatably connected to the cylindrical member and a stator 
con?gured in spaced arrangement around the forWard 
surface, the aft surface, and the outer circumferential surface 
of the cylindrical member and a portion of the shaft. The 
stator has at least one group of ports formed therein Which 
sequentially align With the detonation chambers as the 
cylindrical member rotates. In this Way, detonation cycles 
are performed in the detonation chambers of each detonation 
stage so that reaction forces induced by the detonation 
cycles create a torque Which causes the cylindrical member 
to rotate. Each detonation chamber includes a ?rst open end 
located adjacent the outer circumferential surface of the 
cylindrical member and a second closed end located Within 
a middle portion of the cylindrical member. 

In a second exemplary embodiment of the invention, a 
method of providing poWer to a drive shaft in a gas turbine 
engine is disclosed as including the folloWing steps: pro 
viding a rotatable cylindrical member having at least one 
stage of circumferentially spaced detonation chambers 
therein; providing a stator in spaced relation around the 
cylindrical member, Where the stator has at least one group 
of ports formed therein; connecting the cylindrical member 
to a drive shaft; performing a detonation cycle in each 
detonation chamber; and, producing a torque on the cylin 
drical member Which causes the cylindrical member and the 
drive shaft to rotate. The detonation cycle further includes 
the steps of supplying compressed air to the detonation 
chambers, injecting fuel into the detonation chambers, ini 
tiating a detonation Wave in the detonation chambers and 
exhausting the products of combustion from the detonation 
chambers. The method may further include the steps of 
causing the cylindrical member to rotate at a predetermined 
speed prior to injecting fuel into the detonation chambers 
and purging combustion gases from the detonation cham 
bers. 

In accordance With a third embodiment of the invention, 
a gas turbine engine is disclosed as including: a fan section 
at a forWard end of the gas turbine engine including at least 
a ?rst fan blade roW connected to a drive shaft; a booster 
compressor positioned doWnstream of the fan section, Where 
the booster compressor includes a ?rst compressor blade 
roW and a second compressor blade roW connected to the 
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drive shaft and interdigitated With the ?rst compressor blade 
roW; and, a pulse detonation system for powering the drive 
shaft. The pulse detonation system further includes: a rotat 
able cylindrical member having a forWard surface, an aft 
surface, and an outer circumferential surface, With the 
cylindrical member including at least one stage of circum 
ferentially spaced detonation chambers disposed therein and 
the cylindrical member being connected to the drive shaft; 
and, a stator con?gured in spaced arrangement around the 
forWard surface, the aft surface, and the outer circumferen 
tial surface of the cylindrical member and a portion of the 
shaft, With the stator including at least one group of ports 
formed therein Which sequentially align With the detonation 
chambers as the cylindrical member rotates. In this Way, 
detonation cycles are performed in the detonation chambers 
of each detonation stage so that reaction forces induced by 
the detonation cycles create a torque Which causes the 
cylindrical member to rotate and poWer the fan section and 
the booster compressor. Each detonation chamber further 
includes a ?rst open end located adjacent the outer circum 
ferential surface of the cylindrical member and a second 
closed end located Within a middle portion of the cylindrical 
member. Each group of ports in the stator further includes an 
air port in How communication With a source of compressed 
air, a fuel port in How communication With a fuel source, and 
an eXhaust port. The booster compressor may have separate 
portions Which provide separate compressed air ?oWs into 
different areas of the pulse detonation system. OtherWise, 
the pulse detonation system may receive a compressed air 
?oW from the booster compressor and bleed air from the 
bypass air ?oW. 

In accordance With a fourth embodiment of the present 
invention, a gas turbine engine is disclosed as including: a 
bellmouth at a forWard end of the gas turbine engine; a 
compressor positioned doWnstream of and in How commu 
nication With the bellmouth, Where the compressor includes 
a ?rst compressor blade roW and a second blade roW 
connected to a drive shaft and interdigitated With the ?rst 
compressor blade roW; a load connected to the drive shaft; 
and, a pulse detonation system for poWering the drive shaft. 
The pulse detonation system further includes: a rotatable 
cylindrical member having a forWard surface, an aft surface, 
and an outer circumferential surface, With the cylindrical 
member including at least one stage of circumferentially 
spaced detonation chambers disposed therein and being 
connected to the drive shaft; and, a stator con?gured in 
spaced arrangement around the forWard surface, the aft 
surface, and the outer circumferential surface of the cylin 
drical member and a portion of the shaft, With the stator 
including at least one group of ports formed therein Which 
sequentially align With the detonation chambers as the 
cylindrical member rotates. In this Way, detonation cycles 
are performed in the detonation chambers of each detonation 
stage so that reaction forces induced by the detonation 
cycles create a torque Which causes the cylindrical member 
to rotate and poWer the compressor and the load. Each 
detonation chamber includes a ?rst open end located adja 
cent the outer circumferential surface of the cylindrical 
member and a second closed end located Within a middle 
portion of the cylindrical member. Each group of ports in the 
stator further include an air port in How communication With 
a source of compressed air, a fuel port in How communica 
tion With a fuel source, and an eXhaust port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal schematic sectional vieW of a ?rst 
gas turbine engine con?guration including a pulse detona 
tion system in accordance With the present invention; 
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FIG. 2 is an enlarged, partial longitudinal schematic 

sectional vieW of the gas turbine engine depicted in FIG. 1, 
Wherein the pulse detonation system is shoWn in greater 
detail; 

FIG. 3 is a schematic sectional vieW of the pulse detona 
tion system taken along lines 3—3 in FIG. 2; 

FIGS. 4A—4E are a diagrammatic vieW of a detonation 
chamber for the pulse detonation system depicted in FIGS. 
2 and 3 undergoing a speci?ed sequence of events in a ?rst 
type of detonation cycle; 

FIG. 5 is a schematic sectional vieW similar to the vieW 
depicted in FIG. 3 of a ?rst alternative embodiment for the 
pulse detonation system; 

FIG. 6 is an enlarged, partial longitudinal schematic 
sectional vieW of the gas turbine engine similar to the vieW 
depicted in FIG. 2, Wherein a second alternative embodi 
ment for the pulse detonation system is shoWn in greater 
detail; 

FIGS. 7A—7E are a diagrammatic vieW of a detonation 
chamber for the pulse detonation system depicted in FIG. 6 
undergoing a speci?ed sequence of events in an alternative 
detonation cycle; 

FIG. 8 is an enlarged, partial longitudinal schematic 
sectional vieW of the gas turbine engine similar to the vieWs 
depicted in FIGS. 2 and 6, Wherein a third alternative 
embodiment for the pulse detonation system is shoWn in 
greater detail; 

FIG. 9 is a schematic sectional vieW of the pulse detona 
tion system taken along lines 9—9 in FIG. 8; 

FIG. 10 is an enlarged, partial longitudinal schematic 
sectional vieW of the gas turbine engine similar to the vieWs 
depicted in FIGS. 2, 6 and 8, Wherein a fourth alternative 
embodiment for the pulse detonation system is shoWn in 
greater detail; 

FIG. 11 is a schematic sectional vieW of the pulse deto 
nation system taken along lines 11—11 in FIG. 10, Wherein 
a portion has been broken aWay for clarity; 

FIG. 12 is a longitudinal schematic sectional vieW of a 
second gas turbine engine con?guration including a pulse 
detonation system in accordance With the present invention; 
and, 

FIG. 13 is a longitudinal schematic sectional vieW of a 
third gas turbine engine con?guration including a pulse 
detonation system in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to the draWings in detail, Wherein identical 
numerals indicate the same elements throughout the ?gures, 
FIG. 1 schematically depicts an exemplary gas turbine 
engine 10 (high bypass type) utiliZed With aircraft having a 
longitudinal or aXial centerline aXis 12 therethrough for 
reference purposes. Gas turbine engine 10 includes a nacelle 
14 to assist in directing a How of air (represented by arroW 
16) through an inlet 18 to a fan section 20 as is Well knoWn. 
Air How 16 is then split doWnstream of fan section 20 so that 
a ?rst portion (represented by arroW 22) ?oWs through an 
outer duct 24 and a second portion (represented by arroW 26) 
is provided to a booster compressor 28. 

In the high bypass con?guration depicted, it Will be 
understood that booster compressor 28 preferably includes a 
?rst (outer) portion 29 Which provides a ?rst compressed air 
How 31 and a second (inner) portion 33 Which provides a 
second compressed air How 35. First compressed air How 31 
is bounded by an inner bypass platform 37 and a duct 
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member 39, While second compressed air How 35 is bounded 
by duct member 39 and a rotatable hub 41. It Will be noted 
that ?rst and second booster compressor portions 29 and 33 
preferably each include at least one compressor stage With a 
stationary compressor blade roW and a compressor blade 
roW connected to a drive shaft 30 and interdigitated With the 
stationary compressor blade roW associated With each com 
pressor stage. It Will be appreciated that additional booster 
compressor stages may be provided in either portion as 
desired. As described in greater detail herein, ?rst com 
pressed air ?oW 31 and second compressed air How 35 are 
utiliZed for different purposes, With the pressure of second 
compressed air How 35 preferably being approximately 
1.5—3.0 times greater than that of ?rst compressed air How 
31. A ?rst fan blade roW 32 is also preferably connected to 
drive shaft 30. 

Drive shaft 30 is preferably poWered by means of a pulse 
detonation system 34 in accordance With the present inven 
tion. More speci?cally, pulse detonation system 34 includes 
a rotatable cylindrical member 36 having a forWard surface 
38, an aft surface 40, an outer circumferential surface 42 and 
a middle portion 44. Cylindrical member 36 further includes 
at least one stage 46 of detonation chambers 48 disposed 
therein. Each detonation chamber 48 is formed to include a 
?rst end 50 Which is located adjacent to outer circumferen 
tial surface 42 so as to be open or in How communication 
thereWith, a second or closed end 52 located Within middle 
portion 44, and a middle section 54 extending betWeen ?rst 
and second ends 50 and 52. 

It is further preferred that detonation chambers 48 of each 
detonation stage 46 be symmetrically spaced circumferen 
tially Within cylindrical member 36. Detonation chambers 
48 are oriented so as to not be radial or substantially 
perpendicular to longitudinal axis 12. Rather, detonation 
chambers 48 preferably extend into middle portion 44 of 
cylindrical member 36 so as to be substantially tangential to 
outer circumferential surface 42. This orientation is also 
represented by a circumferential angle 59 betWeen a longi 
tudinal axis 56 through detonation chambers 48 and an axis 
58 that is perpendicular (radial) to longitudinal centerline 
axis 12 (see FIG. 3). Such angle 59 is preferably acute since 
detonation chambers 48 are preferably tilted in the direction 
of rotation (indicated by arroW 55) for cylindrical member 
36. The number of detonation chambers 48 provided Within 
cylindrical member 36 is dependent upon several factors, 
including the length of each detonation chamber, the diam 
eter of cylindrical member 36, and angle 59. 

It Will be appreciated that second end 52 of each detona 
tion chamber 48 includes an end Wall 53 Which is preferably 
contoured for the reasons explained herein. Each detonation 
chamber 48 preferably has a substantially circular cross 
section throughout the length of at least middle section 54, 
although such cross-section may also be non-circular. 
Further, each detonation chamber 48 is preferably linear and 
has a substantially constant diameter 60 throughout middle 
section 54. It is possible, hoWever, that detonation chambers 
48 may be con?gured to be curved for at least a portion 
thereof and/or that diameter 60 of middle section 54 is 
convergent for at least a portion thereof. 

Pulse detonation system 34 further includes a stator 62 
Which is con?gured in spaced arrangement around forWard 
surface 38, aft surface 40 and outer circumferential surface 
42 of cylindrical member 36, as Well as a portion of drive 
shaft 30. Accordingly, stator 62 includes a forWard portion 
64, an aft portion 66, a circumferential portion 68, and a 
shaft portion 70. A plurality of seals 69 are preferably 
circumferentially spaced and positioned betWeen outer cir 
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6 
cumferential surface 42 of cylindrical member 36 and cir 
cumferential portion 68 of stator 62 so as to prevent ?oW 
betWeen ports. Drive shaft 30 is also mounted to shaft 
portion 70 of stator 62 by means of a plurality of bearings 
71 so as to permit the rotation of drive shaft 30 With respect 
to stator 62. 

Stator 62 further includes at least one group of ports 72 
formed in circumferential portion 68. It Will be understood 
that each port group 72 has an air port 74 in How commu 
nication With a source of compressed air (e.g., ?rst com 
pressed air ?oW 31 from booster compressor 28), a fuel port 
76 in How communication With a fuel source, and an exhaust 
port 78 in How communication With an exhaust noZZle 80 
doWnstream of cylindrical member 36 (see air How 79 in 
FIG. 1). 

It Will be seen that air port 74, fuel port 76 and exhaust 
port 78 of each port group 72 are preferably oriented in 
circumferential portion 68 of stator 62 in the same manner 
as detonation chambers 48 described hereinabove so that 
they are alignable With each detonation chamber in a pre 
determined timing and sequence as cylindrical member 36 
rotates. Thus, an angle 61 betWeen a longitudinal axis 81 
through such ports and an axis 63 substantially parallel to 
axis 58 is likeWise acute and substantially the same as angle 
59. In this Way, detonation cycles are able to be performed 
in detonation chambers 48 of each detonation stage 46 so 
that reaction forces induced by such detonation cycles create 
a torque that causes cylindrical member 36 to rotate. 

Cylindrical member 36 also preferably includes a plural 
ity of circumferentially spaced ports 82 formed in middle 
portion 44 Which have a ?rst end 84 positioned adjacent 
second end 52 of each detonation chamber 48 and in ?ow 
communication thereWith. Ports 82 extend from ?rst end 84 
to a second end 86 Which is adjacent to cylindrical member 
aft surface 40. Stator aft portion 66 likeWise includes at least 
one, and preferably a plurality, of circumferentially spaced 
ports 88 formed therein so that ports 82 are periodically 
aligned thereWith and gases in detonation chambers 48 are 
vented therethrough (see air How 89 in FIG. 1). 

With respect to the detonation cycle performed in each 
detonation chamber 48, FIGS. 4A—4E represent a preferred 
sequence of events Which takes place according to a prede 
termined timing. In FIG. 4A, detonation chamber 48 is 
preferably ?lled With compressed air from air port 74, Which 
also serves to purge remaining combustion products from 
the previous detonation cycle. Thus, ports 82 and 88 Will 
preferably be aligned for at least a portion of this step. Next, 
FIG. 4B depicts the injection of fuel in detonation chamber 
48 via fuel port 76. While the fuel may be in the form of 
atomiZed liquid fuel, gaseous fuel or the products of partial 
combustion of a liquid fuel, the delivery pressure is prefer 
ably high enough to create an initial shock Wave 90 in 
detonation chamber 48. As seen in FIG. 4C, initial shock 
Wave 90 travels to closed end 52 of detonation chamber 48, 
Where it is re?ected and focused by the contours of end Wall 
53 de?ning closed end 52 so that a focused shock Wave 92 
is formed. This focused shock Wave 92 then preferably 
initiates detonation of the fuel/air mixture in detonation 
chamber 48 at an initiation point 94 so that a detonation 
Wave 96 is formed. It Will be understood that detonation 
Wave 96 travels toWard open end 50 of detonation chamber 
48 (see FIG. 4D). Accordingly, reaction forces induced by 
the detonation create a torque on cylindrical member 36 
once open end 50 of detonation chamber 48 aligns With 
exhaust port 78 as shoWn in FIG. 4E. It Will also be 
appreciated that detonation Wave 96 exits via exhaust port 
78 and the combustion products folloWing such detonation 
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Wave 96 are exhausted therethrough. By the addition of 
more fuel, the impulse or induced reaction forces of each 
detonation increases With a corresponding increase in torque 
on cylindrical member 36. At some point, useful poWer is 
then available from pulse detonation system 34. 

It Will be appreciated that prior to the occurrence of any 
detonation cycles Within detonation chambers 48, cylindri 
cal member 36 is preferably driven so as to obtain a 
predetermined rotational speed. This is caused by supplying 
compressed air to detonation chambers 48 via air ports 74 at 
a relatively higher pressure than the pressure at Which air is 
discharged from detonation chambers 48 through exhaust 
ports 78. Once the predetermined rotational speed of cylin 
drical member 36 is achieved, fuel is then supplied to 
detonation chambers 48 in accordance With the detonation 
cycle described hereinabove. 

It Will be appreciated that a plurality of port groups 72 
may be provided in circumferential portion 68 of stator 62, 
Wherein a plurality of detonation cycles are able to occur in 
each detonation chamber 48 of detonation stage 46 during a 
revolution of cylindrical member 36. Such port groups 72 
are preferably spaced symmetrically around stator 62, 
although it is not required. Moreover, While the number of 
port groups 72 may be equivalent to the number of detona 
tion chambers 48 provided in cylindrical member 36 (see 
FIGS. 3 and 9), there may be less (see FIGS. 5 and 11). In 
any event a predetermined amount of circumferential space 
is provided betWeen each port group 72, as Well as betWeen 
each individual port thereof. 

It Will be understood from FIG. 10 that cylindrical mem 
ber 36 may include a plurality of detonation stages 46 and 
47 positioned in spaced axial relation. Detonation chambers 
48 (for detonation stage 46) and detonation chambers 49 (for 
detonation stage 47) are preferably positioned in a distinct 
radial plane (identi?ed by reference numerals 51 and 57, 
respectively) through cylindrical member 36, and may be 
aligned substantially circumferentially or staggered circum 
ferentially. In either event, an additional stage of port groups 
Will be provided in circumferential portion 68 of stator 62 so 
as to supply fuel and air to both detonation chambers 48 and 
49, as Well as exhaust combustion products therefrom. It Will 
also be noted that ports 87 Would preferably be provided in 
forWard stator portion 64 to permit venting of detonation 
chambers 48 through cylindrical member ports 85. 
Similarly, detonation chambers 49 are vented via ports 91 
and 88. 

As an alternative or supplement to the shock focusing 
detonation technique described above, it is contemplated 
that a device 98 for initiating a detonation be positioned 
adjacent aft surface 40 of cylindrical member 36 so that each 
port 82 is periodically aligned thereWith (see FIG. 6). 
Exemplary initiation devices may include an igniter (e.g., a 
high energy spark plug, a torch igniter having separate fuel 
and oxidiZer, or a plasma jet igniter), a laser, or a shock focus 
device. Initiation device 98 may be activated When in 
alignment With each port 82 so as to assist in producing a 
detonation Wave in all detonation chambers 48 or in accor 
dance With a predetermined delay so that only certain ports 
82 of detonation chambers 48 are utiliZed for this purpose. 
A control device 100 is preferably provided to control the 
initiation of detonations Within detonation chambers 48 of 
each detonation stage 46. 
When initiation device 98 is utiliZed, the detonation cycle 

in detonation chambers 48 is someWhat different than that 
previously described, as represented in FIGS. 7A—7E. In 
FIG. 7A, detonation chamber 48 is preferably ?lled With 
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8 
compressed air from air port 74, Which also serves to purge 
remaining combustion products from the previous detona 
tion cycle. Thus, ports 82 and 88 Will preferably be aligned 
for at least a portion of this step. Next, FIG. 7B depicts the 
injection of fuel in detonation chamber 48 via fuel port 76. 
As seen in FIG. 7C, device 98 preferably initiates detonation 
of the fuel/air mixture in detonation chamber 48 at an 
initiation point 97 so that a detonation Wave 99 is formed. It 
Will be understood that device 98 is able to access detonation 
chamber 48 via ports 82. Detonation Wave 99 then travels 
toWard open end 50 of detonation chamber 48 (see FIG. 7D). 
Accordingly, reaction forces induced by the detonation 
create a torque on cylindrical member 36 once open end 50 
of detonation chamber 48 aligns With exhaust port 78 as 
shoWn in FIG. 7E. Detonation Wave 99 also exits via exhaust 
port 78 and the combustion products folloWing such deto 
nation Wave 99 exhaust therethrough. 

Another con?guration for assisting in the production of 
detonation Waves Within detonation chambers 48 is to pro 
vide a series of internal passages 102 Within cylindrical 
member 36 Which connect adjacent detonation chambers 48. 
It Will be seen from FIG. 5 that each internal passage 102 
includes a ?rst end 104 in How communication With a ?rst 
detonation chamber 48A (preferably adjacent second end 
52A thereof) and a second end 106 in How communication 
With a second detonation chamber 48B (preferably adjacent 
?rst end 50B thereof). It Will be appreciated that ?rst 
detonation chamber 48A is located upstream of second 
detonation chamber 48B With respect to the direction of 
rotation of cylindrical member 36, Where ?rst detonation 
chamber 48A is located in substantial alignment With an 
exhaust port 78 and second detonation chamber 48B is 
located in alignment With fuel port 76. In this Way, com 
bustion products remaining from a detonation Within ?rst 
detonation chamber 48A are provided to second detonation 
chamber 48B. While internal passages 102 are shoWn as 
connecting circumferentially adjacent detonation chambers 
48 in the same detonation stage 46, this need not be so. Such 
internal passages 102 may connect any tWo detonation 
chambers 48, so long as it has one end positioned adjacent 
the closed end of a ?rst detonation chamber and another end 
positioned adjacent the open end of a second detonation 
chamber. Also, as seen in FIGS. 10 and 11, a series of 
internal passages 108 may be used to similarly connect 
detonation chambers 48 of detonation stage 46 With deto 
nation chambers 49 of detonation stage 47. 

Another aspect of pulse detonation system 34 is the 
manner in Which fuel is supplied to fuel ports 76 for 
injection into detonation chambers 48. In one embodiment, 
a substantially annular precombustor 110 is provided 
upstream of stator 62 (see FIGS. 1 and 2). Precombustor 110 
is preferably in How communication With a fuel supply (not 
shoWn) and second compressed air How 35 from booster 
compressor 28, Where fuel and compressed air are mixed 
Within precombustor 110 to produce detonable combustion 
products. Precombustor 110 is also in How communication 
With fuel ports 76 so that the detonable combustion products 
are supplied therethrough as part of the detonation cycle in 
detonation chambers 48 described herein. This con?guration 
is effective for providing a gaseous fuel to detonation 
chambers 48. 

While an annular manifold (not shoWn) upstream of or 
surrounding stator 62 may likewise provide liquid fuel to 
fuel ports 76, FIG. 8 depicts a con?guration Whereby a fuel 
manifold 112 formed in drive shaft 30 and stator shaft 
portion 70 is in How communication With a fuel source. A 
plurality of fuel passages 114 are then formed Within middle 
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portion 44 of cylindrical member 36 Which are in How 
communication With fuel manifold 112 at a ?rst end 116. A 
heat exchanger, preferably in the form of an un?lled tube 
118, is preferably provided around each detonation chamber 
48. Asecond end 120 of each fuel passage 114 is preferably 
in How communication With such heat exchanger so that the 
fuel injected therein assists in cooling detonation chambers 
48. At the same time, heat from the detonation chambers 48 
assist in heating the fuel supplied to tubes 118. It is then 
preferred that the heated fuel be injected into each detona 
tion chamber 48 adjacent closed end 52 thereof by means of 
injectors 122. It Will be appreciated that the fuel provided to 
detonation chambers 48 may undergo a change of state (i.e., 
from liquid to gas) during this process. In this embodiment, 
it Will be understood that only an air port 124 and an exhaust 
port 126 are required for each port group 128 formed in 
circumferential portion 68 of stator 62 and that fuel Will be 
injected into each detonation chamber 48 only When it is not 
aligned With any such ports 124 and 126. It is also contem 
plated that fuel could be supplied directly from fuel mani 
fold 112 to detonation chambers 48 via fuel passages 114 (as 
depicted in FIG. 8). 
A second gas turbine con?guration, knoWn as a loW 

bypass design, is shoWn in FIG. 12 as including pulse 
detonation system 34. While similar to that described for gas 
turbine engine 10, it Will be understood that gas turbine 
engine 130 is utiliZed With aircraft and has a longitudinal or 
axial centerline axis 132 therethrough for reference pur 
poses. Gas turbine engine 130 includes a nacelle 134 to 
assist in directing a How of air (represented by arroW 136) 
through an inlet 138 to a fan section 140 as is knoWn. Air 
?oW 136 is then split downstream of fan section 140 so that 
a ?rst portion (represented by arroW 142) ?oWs through an 
outer duct 144 and a second portion (represented by arroW 
146) is provided to a booster compressor 148. 

In the loW bypass con?guration depicted, it Will be 
understood that booster compressor 148 provides a com 
pressed air ?oW 150 to a precombustor 152 upstream of 
pulse detonation system 34. MeanWhile, air 154 is also bled 
from air How 142 and preferably provided to the air ports 74 
of pulse detonation system 34. Booster compressor 148 
preferably includes at least one compressor stage With a 
stationary compressor blade roW and a compressor blade 
roW connected to a drive shaft 156 and interdigitated With 
the stationary compressor blade roW associated With each 
compressor stage. It Will be appreciated that additional 
booster compressor stages may be provided as desired. 
Since compressed air How 150 and bleed air 154 are utiliZed 
for different purposes, the pressure of compressed air How 
150 is preferably approximately 1.5—3.0 times greater than 
that of bleed air 154. Other than changes to booster com 
pressor 148 and the How of air therethrough, gas turbine 
engine 130 is similar to gas turbine engine 10 With respect 
to the operation and use of pulse detonation system 34. 

It Will be seen in FIG. 13 that a second alternative gas 
turbine engine 160 is depicted for use in industrial and other 
shaft poWer applications (e.g., marine or helicopter 
propulsion) as having a longitudinal centerline axis 162. As 
seen therein, gas turbine engine 160 includes a bellmouth 
164 at an inlet 166 and a compressor 168 positioned doWn 
stream of and in How communication With bellmouth 164. 
Compressor 168 preferably includes at least a ?rst stationary 
compressor blade roW connected to a drive shaft 170 and a 
second stationary compressor blade roW interdigitated With 
?rst compressor blade roW. Additional compressor blade 
roWs may be connected to drive shaft 170, With additional 
stationary compressor blade roWs interdigitated thereWith. 
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An inlet guide vane 172 may be positioned at an upstream 
end of compressor 168 to direct the How of air therein. A 
load 174 is also connected to drive shaft 170 via a second 
drive shaft 176. A pulse detonation system 178 like that 
described hereinabove is provided for poWering drive shaft 
170, With an exhaust duct 180 being in How communication 
With pulse detonation system 178 so that combustion gases 
are able to exit therefrom. 

Having shoWn and described the preferred embodiment of 
the present invention, further adaptations of the pulse deto 
nation system can be accomplished by appropriate modi? 
cations by one of ordinary skill in the art Without departing 
from the scope of the invention. Moreover, it Will be 
understood that pulse detonation system 34 may be utiliZed 
With other types of gas turbine engines not depicted herein. 
What is claimed is: 
1. A pulse detonation system for a gas turbine engine 

having a longitudinal centerline axis extending 
therethrough, comprising: 

(a) a rotatable cylindrical member having a forWard 
surface, an aft surface, and an outer circumferential 
surface, said cylindrical member including at least one 
stage of circumferentially spaced detonation chambers 
disposed therein, each said detonation chamber includ 
ing an open ?rst end located adjacent said outer cir 
cumferential surface of said cylindrical member and a 
closed second end located Within a middle portion of 
said cylindrical member; 

(b) a shaft rotatably connected to said cylindrical member; 
and, 

(c) a stator con?gured in spaced arrangement around said 
forWard surface, said aft surface, and said outer cir 
cumferential surface of said cylindrical member and a 
portion of said shaft, said stator including at least one 
group of ports formed therein Which sequentially align 
With said open end of said detonation chambers as said 
cylindrical member rotates; 

Wherein detonation cycles are performed in said detonation 
chambers of each detonation stage so that reaction forces 
induced by said detonation cycles create a torque Which 
causes said cylindrical member to rotate. 

2. The pulse detonation system of claim 1, Wherein a 
focused shock Wave is formed in said detonation chambers 
to initiate detonation of a fuel/air mixture therein. 

3. The pulse detonation system of claim 2, Wherein said 
detonations have an initiation point adjacent said second end 
of each said detonation chamber. 

4. The pulse detonation system of claim 1, Wherein an end 
Wall de?ning said second end of each said detonation 
chamber is contoured. 

5. The pulse detonation system of claim 1, each said group 
of ports in said stator further comprising an air port in How 
communication With a source of compressed air. 

6. The pulse detonation system of claim 1, each said group 
of ports in said stator further comprising a fuel port in How 
communication With a fuel source. 

7. The pulse detonation system of claim 1, each said group 
of ports in said stator further comprising an exhaust port. 

8. The pulse detonation system of claim 1, further com 
prising a plurality of port groups provided in said stator, 
Wherein a plurality of detonation cycles occur in a prede 
termined timing and sequence in each said detonation stage 
during a revolution of said cylindrical member. 

9. The pulse detonation system of claim 1, Wherein said 
detonation chambers of each detonation stage are symmetri 
cally spaced circumferentially Within said rotor. 

10. The pulse detonation system of claim 1, said cylin 
drical member further comprising a plurality of internal 
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passages formed therein, each said internal passage includ 
ing a ?rst end in How communication With a ?rst detonation 
chamber and a second end in How communication With a 
second detonation chamber. 

11. The pulse detonation system of claim 10, Wherein said 
?rst end of each said internal passage is located adjacent a 
closed end of said ?rst detonation chamber and said second 
end of each said internal passage is located adjacent an open 
end of said second detonation chamber. 

12. The pulse detonation system of claim 11, Wherein said 
?rst detonation chamber is located upstream of said second 
detonation chamber With respect to the direction of rotation 
for said rotor. 

13. The pulse detonation system of claim 10, Wherein said 
?rst and second detonation chambers are in the same deto 
nation stage. 

14. The pulse detonation system of claim 10, Wherein said 
?rst and second detonation chambers are in adjacent deto 
nation stages of said cylindrical member. 

15. The pulse detonation system of claim 1, Wherein said 
detonation chambers of each said detonation stage are 
positioned substantially in a distinct radial plane through 
said cylindrical member. 

16. The pulse detonation system of claim 1, Wherein said 
plurality of detonation chambers of each said detonation 
stage are angled circumferentially so as to not be substan 
tially perpendicular to said longitudinal centerline axis. 

17. The pulse detonation system of claim 16, Wherein said 
port groups in said stator are angled circumferentially so as 
to be alignable With said detonation chambers. 

18. The pulse detonation system of claim 1, said cylin 
drical member further comprising a plurality of detonation 
stages positioned in spaced axial relation. 

19. The pulse detonation system of claim 1, said cylin 
drical member further comprising a plurality of ports formed 
in a middle portion, each said port having a ?rst end 
positioned adjacent said closed end of each detonation 
chamber and in How communication thereWith and a second 
end adjacent said aft surface thereof. 

20. The pulse detonation system of claim 19, said stator 
further comprising at least one port formed in an aft portion 
thereof, Wherein said cylindrical member ports are periodi 
cally aligned With said aft stator port so that gases in said 
detonation chambers are vented therethrough. 

21. The pulse detonation system of claim 19, further 
comprising at least one device for initiating a detonation 
positioned adjacent said aft surface of said cylindrical 
member, Wherein each said cylindrical member port is 
periodically aligned thereWith. 

22. The pulse detonation system of claim 1, further 
comprising a fuel manifold for supplying fuel to each said 
fuel port. 

23. A pulse detonation system for a gas turbine engine 
having a longitudinal axis extending therethrough, compris 
ing: 

(a) a rotatable cylindrical member having a forWard 
surface, an aft surface, and an outer circumferential 
surface, said cylindrical member including at least one 
stage of circumferentially spaced detonation chambers 
disposed therein, each said detonation chamber includ 
ing an open ?rst end located adjacent said outer cir 
cumferential surface of said cylindrical member and a 
closed second end located Within a middle portion of 
said cylindrical member; 

(b) a shaft rotatably connected to said cylindrical member; 
(c) a stator con?gured in spaced arrangement around said 

forWard surface, said aft surface, and said outer cir 
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cumferential surface of said cylindrical member and a 
portion of said shaft said stator including at least one 
group of ports formed therein Which sequentially align 
With said open end of said detonation chambers as said 
cylindrical member rotates; 

(d) a fuel manifold formed in said shaft in How commu 
nication With a source of fuel; and, 

(e) a plurality of fuel passages formed in a middle portion 
of said cylindrical member, Wherein each fuel passage 
is in How communication With said fuel manifold at a 
?rst end and one of said detonation chambers at a 
second end. 

24. The pulse detonation system of claim 23, further 
comprising: 

(a) a heat exchanger positioned around each said detona 
tion chamber, Wherein said second end of each fuel 
passage is in How communication thereWith; and, 

(b) a device for injecting fuel from said heat exchanger 
into each detonation chamber. 

25. A method of providing poWer to a drive shaft in a gas 
turbine engine, comprising the folloWing steps: 

(a) providing a rotatable cylindrical member having at 
least one stage of circumferentially spaced detonation 
chambers therein, Wherein each said detonation cham 
ber includes an open ?rst end located adjacent an outer 
circumferential surface of said cylindrical member and 
a closed second end located Within a middle portion of 
said cylindrical member; 

(b) providing a stator in spaced relation around said 
cylindrical member, said stator having at least one 
group of ports formed therein Which sequentially align 
With said open end of said detonation chambers as said 
cylindrical member rotates; 

(c) connecting said cylindrical member to a drive shaft; 
(d) performing a detonation cycle in each said detonation 

chamber; and, 
(e) producing a torque on said cylindrical member Which 

causes said cylindrical member and said drive shaft to 
rotate. 

26. The method of claim 25, said detonation cycle further 
comprising the steps of: 

(a) supplying compressed air to said detonation chambers; 
(b) injecting fuel into said detonation chambers; 
(c) initiating a detonation of a fuel/air mixture in said 

detonation chambers; and, 
(d) exhausting products of combustion from said detona 

tion chambers. 
27. The method of claim 26, Wherein said detonation of 

said fuel/air mixture in said detonation chamber is initiated 
by a focused shock Wave formed therein. 

28. The method of claim 26, Wherein said detonation is 
initiated at a predetermined point adjacent said closed end of 
said detonation chamber. 

29. The method of claim 26, Wherein said torque is 
created by reaction forces induced by said detonation cycle 
being applied to an end Wall of said detonation chamber. 

30. The method of claim 26, Wherein detonation of said 
fuel/ air mixture in said detonation chamber is initiated by an 
ignition device. 

31. The method of claim 26, further comprising the step 
of causing said cylindrical member to rotate at a predeter 
mined speed prior to injecting fuel into said detonation 
chambers. 

32. The method of claim 26, further comprising the step 
of purging combustion gases from said detonation cham 
bers. 

33. The method of claim 26, further comprising the step 
of aligning said detonation chambers of each said detonation 
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stage in a predetermined timing and sequence With an air 
port in said stator, a fuel port in circumferentially spaced 
relation to said air port, and an exhaust port in circumfer 
entially spaced relation to said fuel port. 

34. A gas turbine engine, comprising: 
(a) a fan section at a forWard end of said gas turbine 

engine including at least a ?rst fan blade roW connected 
to a drive shaft; 

(b) a booster compressor positioned doWnstream of said 
fan section, said booster compressor including a ?rst 
compressor blade roW and a second compressor blade 
roW connected to said drive shaft and interdigitated 
With said ?rst compressor blade roW; and, 

(c) a pulse detonation system for poWering said drive 
shaft, said pulse detonation system further comprising: 
(1) a rotatable cylindrical member having a forWard 

surface, an aft surface, and an outer circumferential 
surface, said cylindrical member including at least 
one stage of circumferentially spaced detonation 
chambers disposed therein, each said detonation 
chamber including an open ?rst end, located adjacent 
an outer circumferential surface of said cylindrical 
member and a closed second end located Within a 
middle portion of said cylindrical member, Wherein 
said cylindrical member is connected to said drive 
shaft; and, 

(2) a stator con?gured in spaced arrangement around 
said forWard surface, said aft surface, and said outer 
circumferential surface of said cylindrical member 
and a portion of said shaft, said stator including at 
least one group of ports formed therein Which 
sequentially align With said open end of said deto 
nation chambers as said cylindrical member rotates; 

Wherein detonation cycles are performed in said detonation 
chambers of each said detonation stage so that reaction 
forces induced by said detonation cycles create a torque 
Which causes said cylindrical member to rotate and poWer 
said fan section and said booster compressor. 

35. The gas turbine engine of claim 34, each said group 
of ports in said stator further comprising: 

(a) an air port in How communication With a source of 
compressed air; 

(b) a fuel port in How communication With a fuel source; 
and, 

(c) an eXhaust port. 
36. The gas turbine engine of claim 35, further comprising 

a precombustor in How communication With a fuel supply 
and a supply of compressed air so as to produce detonable 
combustion products therein, said precombustor being in 
How communication With each said fuel port in said stator. 

37. The pulse detonation system of claim 34, said cylin 
drical member further comprising a plurality of internal 
passages formed therein, each said internal passage includ 
ing a ?rst end in How communication With a ?rst detonation 
chamber and a second end in How communication With a 
second detonation chamber. 

38. The pulse detonation system of claim 34, said cylin 
drical member further comprising a plurality of ports formed 
in a middle portion, each said port having a ?rst end 
positioned adjacent said closed end of each detonation 
chamber and in How communication thereWith and a second 
end adjacent said aft surface thereof, Wherein gases in said 
detonation chamber are vented therethrough. 

39. The pulse detonation system of claim 38, further 
comprising at least one device for initiating a detonation 
positioned adjacent said aft surface of said cylindrical 
member, Wherein each said cylindrical member port is 
periodically aligned thereWith. 
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40. A gas turbine engine, comprising: 
(a) a bellmouth at a forWard end of said gas turbine 

engine; 
(b) a compressor positioned doWnstream of and in How 

communication With said bellmouth, said compressor 
including a ?rst compressor blade roW and a second 
blade roW connected to a drive shaft and interdigitated 
With said ?rst compressor blade roW; 

(c) a load connected to said drive shaft; and, 
(d) a pulse detonation system for poWering said drive 

shaft, said pulse detonation system further comprising: 
(1) a rotatable cylindrical member having a forWard 

surface, an aft surface, and an outer circumferential 
surface, said cylindrical member including at least 
one stage of circumferentially spaced detonation 
chambers disposed therein, each said detonation 
chamber including an open ?rst end located adjacent 
an outer circumferential surface of said cylindrical 
member and a closed second end located Within a 
middle portion of said cylindrical member, Wherein 
said cylindrical member is connected to said drive 
shaft; and, 

(2) a stator con?gured in spaced arrangement around 
said forWard surface, said aft surface, and said outer 
circumferential surface of said cylindrical member 
and a portion of said shaft, said stator including at 
least one group of ports formed therein Which 
sequentially align With said open end of said deto 
nation chambers as said cylindrical member rotates; 

Wherein detonation cycles are performed in said detonation 
chambers of each said detonation stage so that reaction 
forces induced by said detonation cycles create a torque 
Which causes said cylindrical member to rotate and power 
said compressor and said load. 

41. The gas turbine engine of claim 40, each said group 
of ports in said stator further comprising: 

(a) an air port in How communication With a source of 
compressed air; 

(b) a fuel port in How communication With a fuel source; 
and, 

(c) an eXhaust port. 
42. The pulse detonation system of claim 40, said cylin 

drical member further comprising a plurality of internal 
passages formed therein, each said internal passage includ 
ing a ?rst end in How communication With a ?rst detonation 
chamber and a second end in How communication With a 
second detonation chamber. 

43. The pulse detonation system of claim 40, said cylin 
drical member further comprising a plurality of ports formed 
in a middle portion, each said port having a ?rst end 
positioned adjacent said closed end of each detonation 
chamber and in How communication thereWith and a second 
end adjacent said aft surface thereof, Wherein gases in said 
detonation chamber are vented therethrough. 

44. The pulse detonation system of claim 43, further 
comprising at least one device for initiating a detonation 
positioned adjacent said aft surface of said cylindrical 
member, Wherein each said cylindrical member port is 
periodically aligned thereWith. 

45. The pulse detonation system of claim 1, Where no 
ignition device is in communication With said detonation 
chambers. 

46. The pulse detonation system of claim 1, Wherein each 
said detonation chamber is substantially linear from said ?rst 
end to said second end has has a substantially constant 
diameter. 
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